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METHOD AND APPARATUS FOR DECOUPLING CONDUCTIVE PORTIONS OF A 
MICROELECTRONIC DEVICE PACKAGE 

TECHNICAL FIELD 

This invention relates to methods and apparatuses for decoupling conductive 
5 portions of a microelectronic device package. 

BACKGROUND OF THE INVENTION 

Packaged microelectronic assemblies, such as memory chips and 
microprocessor chips, typically include a microelectronic device mounted to a substrate and 
encased in a plastic protective covering. The device includes functional features, such as 
10 memory cells, processor circuits, and interconnecting circuitry. The device also typically 
includes bond pads electrically coupled to the functional features. The bond pads are 
coupled to pins or other types of terminals that extend outside the protective covering for 
connecting the microelectronic device to buses, circuits and/or other microelectronic 
assemblies. 

15 In one conventional arrangement shown in Figure 1, a device package 20 

includes a microelectronic die 50 having bond pads 51 positioned along two central axes. A 
conductive leadframe 30 having conductive leadfingers 31 connected by an outer rim 38 is 
positioned over the die 50. The leadfingers 3 1 are separated from the top surface of the die 
20 by an insulating layer 60 on the bottom of the leadframe 30. The leadfingers 3 1 are 

20 electrically coupled to the corresponding bond pads 51 with wire bonds 40, and the die 50 
and the leadframe 30 are encapsulated with an encapsulating material 21 (the outer periphery 
of the encapsulating material 21 is shown in phantom lines in Figure 1). The leadframe 30 is 
then trimmed along cut lines 33 and the portions of the leadfingers 31 projecting outwardly 
from the encapsulating material 21 are bent to form pins or other electrically conductive 

25 coimectors configured to couple the package 20 to other devices or circuit elements. 

Devices such as the package 20 described above with reference to Figure 1 are 
typically used in compact electronic products, such as laptop computers and mobile 
telephones. As these electronic products are made more compact, the dies 50 and the 



packages 20 are also made more compact. One result of this trend is that the spacing 
between adjacent leadfingers 3 1 decreases. One problem with this result is that the signals 
transmitted along adjacent leadfingers 3 1 can become capacitively coupled . The capacitive 
coupling can cause signal errors in one or both of the adjacent leadfingers 3 1, which can 
5 adversely affect the performance and reliability of the electronic products into which the 
packages 20 are incorporated. 

SUMMARY 

The present invention is directed toward methods and apparatuses for 
decoupling conductive portions of a microelectronic device package. A method in 

10 accordance with one aspect of the invention includes positioning a conductive member at 
least proximate to a microelectronic substrate. The conductive member can include a 
leadframe or traces of a printed circuit board and can have first and second neighboring 
conductive portions with at least part of the first conductive portion separated from the 
neighboring second conductive portion to define an intermediate region between the two 

15 portions. The method can fiuther include electrically coupling the first conductive portion to 
a first coupling site of the microelectronic substrate and electrically coupling the second 
conductive portion to a second coupling site of the microelectronic substrate. The method 
can still fiirther include providing a dielectric material in the intermediate region between titie 
conductive portions with the dielectric material having a dielectric constant of less than about 

20 3.5. 

The invention is also directed toward a conductive structure for coupling to a 
microelectronic substrate. The structure can include a conductive member having first and 
second conductive portions with at least a part of the first conductive portion being spaced 
apart from a neighboring part of the second conductive portion to defme an intermediate 

25 region between the first and second conductive portions. Each conductive portion has a bond 
region positioned to electrically couple to a microelectronic substrate when the conductive 
member is positioned at least approximate to the microelectronic substrate. The structure can 
further include a dielectric material adjacent to the fu^st and second conductive portions and 
having a dielectric constant of less than about 3.5. The dielectric material can include a 

30 pliable material positioned adjacent to opposite surfaces of the conductive portions and can 
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be squeezed into the intennediate region between the conductive portions where the 
dielectric material can fill all or part of the intennediate region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partially schematic, top view of a microelectronic device package 
5 in accordance with the prior art. 

Figure 2 is a top isometric view of a conductive member and a dielectric 
material configured in accordance with an embodiment of die invention. 

Figure 3 is a cross-sectional side view of an embodiment of the conductive 
member shown in Figure 2 taken substantially along line 3-3. 
10 Figure 4 is a cross-sectional end view of an embodunent of the conductive 

member shown in Figure 2 taken substantially along line 4-4, with the conductive member 
mounted to a microelectronic substrate in accordance with an embodiment of the invention. 

Figures 5A-5D illustrate methods for forming conductive members with 
dielectric materials in accordance with several embodiments of the invention. 
15 Figure 6 is a cross-sectional end view of a microelectronic substrate coupled to 

a conductive assembly to form a device package in accordance with another embodiment of 
the invention. 

Figure 7 is a cross-sectional side view of an embodiment of the package shown 
in Figure 6 taken substantially along line 7-7. 

20 DETAILED DESCRIPTION 

The present disclosure describes packaged microelectronic devices and 
methods for packaging such devices. Many specific details of certain embodiments of the 
invention are set forth in the following description and in Figures 2-7 to provide a thorough 
understanding of these embodiments. One skilled in the art, however, will imderstand that 
25 the present invention may have additional embodiments, or that the invention may be 
practiced without several of the details described below. 

Figure 2 is a top isometric view of a conductive member 130 (such as a 
leadframe) having conductive portions 131 (such as leadfingers) and a dielectric material 160 
for controlling capacitive coupling between the conductive portions 131. In one aspect of 
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this embodiment, each conductive portion 131 is initially supported in a fixed position 
relative to its neighbors by a connection portion 138 that forms a frame around the 
conductive portions 131. Accordingly, neighboring conductive portions 131 are separated 
from each other by an intermediate region 137. Each conductive portion 131 has an upper 
5 surface 134, a lower surface 135 opposite the upper surface 134, and a side surface 136 
between the upper surface 134 and the lower surface 135. Each conductive portion 131 also 
has a bond region 132 spaced apart from the connecting portion 138 for coupling to a 
microelectronic substrate, as will be described in greater detail below with reference to 
Figure 4. 

10 In one aspect of an embodiment shown in Figure 2, the dielectric material 160 

can ittclude an upper portion 161 adjacent to the upper surfaces 134 of the conductive 
portions 131, a lower portion 162 adjacent to the lower surfaces 135 of the conductive 
portions 131, and an intermediate portion 163 adjacent to the side surfaces 136 of the 
conductive portions 131 in the intermediate regions 137 between neighboring conductive 

15 portions 131. In an ftuiher aspect of this embodiment, the upper portions 161 of the 
dielectric material 160 do not cover the bond regions 132 of the conductive portions 131, so 
that electrical connections can be easily made with the bond regions 132. Alternatively, the 
dielectric material 160 can be initially disposed on the bond regions 132 and then removed, 
for example by etching, laser ablation, or other processes, before coupling the conductive 

20 member 130 to a microelectronic substrate. In still a further aspect of this embodiment, the 
dielectric material 160 can have an aperture 164 that extends entirely through the dielectric 
material 160 near the bond regions 132. Accordingly, the aperture 164 can accommodate 
wire bonds or other connecting structures attached to the bond regions 132, as will be 
described in greater detail below with reference to Figure 4. 

25 Figure 3 is a cross-sectional, side view of an embodiment of the conductive 

member 130 taken substantially along line 3-3 of Figure 2. In one aspect of this 
embodiment, the intermediate portions 163 of the dielectric material 160 completely fill the 
intermediate regions 137 between neighboring conductive portions 131. In an alternate 
embodiment, the dielectric material 160 in the intermediate regions 137 can have gaps or 

30 voids, as will be described in greater detail below with reference to Figure 5B. 

Figure 4 is a cross-sectional end view of an embodiment of the conductive 
member 130 taken substantially along line 4-4 of Figure 2. The conductive member 130 is 
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mounted to a microelectronic substrate 150 in accordance with an embodiment of the 
invention. In one aspect of this embodiment, the microelectronic substrate 150 has a first 
surface 153, a second surface 152 facing opposite the first surface 153, and a plurality of 
bond pads 151 or other bond sites on the second surface 152. The bond pads 151 are 
connected to integrated circuitry in the microelectronic substrate 150. 

In one aspect of the embodiment shown in Figure 4, the conductive member 
130 is positioned adjacent to the second surface 152 of the microelectronic substrate 150, 
with the aperture 164 aligned with the bond pads 15 1. Accordingly, the lower portion 162 of 
the dielectric material 160 is positioned adjacent to the second surface 152 of the 
microelectronic substrate 150. A wire bond 140 or other connective element extends 
between selected bond pads 151 and corresponding bond regions 132 of the conductive 
portions 131 to provide conductive links between the microelectronic substrate 150 and the 
conductive member 130. The microelectronic substiate 150, the wire bonds 140, and the 
conductive portions 131 are then encapsulated with an encapsulating material 121 to form a 
device package 120. The connecting portion 138 (Figure 2) of the conductive member 130 
can then be trimmed, and external sections 139 of the conductive portions 131 outside the 
encapsulating material 121 can be shaped into connecting pins or other connecting structures. 

One featVe of an embodiment of the device package 120 and the conductive 
member 130 described *ove with reference to Figures 2-4 is that the dielectric material 160 
adjacent to the conductwe portions 131 can be selected to contiol capacitive coupling 
between neighboring conMuctive portions 131. For example, in one embodiment, the 
dielectric material 160 cam include Teflon^'^ and can have a dielectric constant of from 
approximately 1.0 to approxmiately 2.0. Accordingly, the likelihood for capacitive coupling 
between neighboring conductive portions 131 can be reduced when compared to 
conventional arrangements (su^h as the arrangement described above with reference to 
Figure 1) that have relatively high dielectric encapsulating materials positioned between 
adjacent leadfingers. In other embodiments, the dielectric material 160 can have a dielectric 
constant higher than 2.0, but less man the dielectric constant of conventional encapsulating 
materials, which is approximately 3.^ and above. 

An advantage of the relatively low dielectric constant of the dielectric material 
160 is that signals transmitted along one conductive portion 131 will be less likely to affect 
signals transmitted along an adjacent conductive portion 131. Another advantage of this 
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feature is that the conductive portions 131 can be positioned more closely together than in 
some conventional arrangements without capacitively coupling adjacent conductive portions 
131. Accordingly, the conductive member 130 can be smaller than conventional lead£rames 
and can be suitable for use with reduced-size microelectronic substrates 150. 
5 Figures 5A-5D schematically illustrate processes for disposing dielectric 

materials on conductive members in accordance with several embodiments of the invention. 
Referring first to Figure 5 A, the dielectric material 160 can include a pliable upper layer 261 
disposed adjacent to the upper surface 134 of the conductive member 130, and a pliable 
lower layer 262 disposed adjacent to the lower surface 135 of the conductive member 130. 
10 In a further aspect of this embodiment, each layer 261, 262 can include a low dielectric 
adhesive 265 that adheres the layer to the conductive member 130. Alternatively, the 
dielectric material 160 forming the layers 261, 262 can self-adhere to the conductive member 

130. In either embodiment, the dielectric constant of the upper layer 261 can be the same as 
or different than the dielectric constant of the lower layer 262. In one embodiment, the 

15 dielectric material 160 can be a thermoset material that is cured after attaching it to the 
conductive member 130. In other embodiments, the dielectric material 160 can have other 
thermal characteristics. 

In one aspect of an embodiment of the process shown in Figure 5A, the layers 
261, 262 do not initially extend into the intermediate regions 137 between neighboring 

20 conductive portions 131. Accordingly, in a further aspect of this embodiment (shown in 
Figure 5B), pressure can be applied to the upper layer 261 and/or the lower layer 262 (as 
indicated by arrows P) to force at least a portion of the dielectric material 160 that forms the 
layers 261, 262 into the intermediate regions 137 between neighboring conductive portions 

131. In one aspect of this embodiment, the dielectric material 160 can also be heated to 
25 encourage the movement of the dielectric material 160 into the intemiediate regions 137, 

and/or to cure the dielectric material 160, for example, when the dielectric material 160 
includes a thermoset material. Alternatively, the pressure can be applied to the dielectric 
material 160 at room temperature. In either embodiment, the pressure can be applied to the 
dielectric material 160 either before or after the conductive member 130 is positioned 
30 adjacent to the microelectronic substrate 150 (Figure 4). 

In one embodiment, the dielectric material 160 can fill only a portion of the 
intermediate regions 137. For example, as shown in Figure 5B, voids 166 can remain in the 
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intermediate regions 137 after pressure has been applied to the dielectric material 160. In a 
further aspect of this embodiment, the process described above with reference to Figure 5B 
can be conducted in a controlled gas environment to control the nature of the gas residing in 
the voids 166. Accordingly, the gas can include air, heliimi, argon or other gases having a 
5 generally low dielectric constant. Alternatively, the dielectric material 160 can fill the 
intermediate regions 137 in their entirety (as shown in Figures 2 and 3). Accordingly, the 
thickness of the layers 261, 262 and the processing parameters described above can be 
selected to eliminate the voids 166. 

An advantage of a process for forming the conductive member 130 described 

10 above with reference to Figures 5A-5B is that the layers 261, 262 of the conductive material 
160 can be easily applied to the conductive member 130. For example, the layers 261, 262 
can be formed into adhesive strips or pads separately from forming the conductive members 
130, and can be applied to the conductive members 130 as needed. Alternatively, the layers 
261, 262 can be applied to the conductive members 130 as part of the process for forming the 

15 conductive members 130, for example, by unrolling continuous strips of dielectric materials 
adjacent to opposite surfaces of a continuous strip of conductive members 130. 

In an alternate embodiment shown schematically in Figure 5C, the dielectric 
material 160 is disposed on the conductive member 130 in the form of a liquid or vapor using 
a deposition or spray process. Accordingly, the dielectric material 160 can conform to the 

20 features of the conductive member 130 and can entirely fill the intermediate regions 137 
between neighboring conductive portions 131. In one aspect of this embodiment, the 
dielectric material 160 can be initially deposited adjacent to the upper surface 134 of the 
conductive member 130 and then deposited adjacent to the lower surface 135. Alternatively, 
both deposition processes can take place simultaneously. 

25 In another aspect of an embodiment of the process described above with 

reference to Figure 5C, at least a portion of the dielectric material 160 can be deposited on 
the conductive member 130 after the conductive member 130 has been mounted to the 
microelectronic substrate 150 (Figure 4). For example, the dielectric material 160 can be 
deposited adjacent to the lower surface 135 of the conductive member 130, but not the upper 

30 surface 134. The conductive member 130, with the lower surface 135 covered with the 
dielectric material 160, can be positioned adjacent to the microelectronic substrate 150 and 
wire bonded to the microelectronic substrate 150, as described above with reference to 
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Figure 4. An additional amount of dielectric material 160 can then be deposited on the 
microelectronic substrate 150, the wire bond 140 and the upper surface 134 of the conductive 
member 130 to fill in the intermediate regions 137 between the neighboring conductive 
portions 131 and encapsulate the wire bonds 140. In a further aspect of this embodiment, the 
5 encapsulating material 121 described above with reference to Figure 4 can be eliminated and 
the fimctions provided by the encapsulating material 121 (for example, protecting the 
microelectronic substrate 150 and the wire bonds 140 jfrom contaminants) can be provided by 
the dielectric material 160 alone. An advantage of this arrangement is that the dielectric 
material 160 can prevent or control capacitive coupling between adjacent conductive portions 
10 131 of the conductive member 130 and can protect and encapsulate the microelectronic 
substrate 150. 

Figure 5D schematically illustrates a process in accordance with yet another 
embodiment of the invention in which the conductive member 130 is dipped into a reservoir 
180 containing the dielectric material 160. In one aspect of this embodiment, the entire 

15 conductive member 130 can be dipped into the dielectric material 160 to dispose the 
dielectric material in the intermediate regions 137 and adjacent to the upper surface 134 and 
the lower surface 135 of the conductive member 130. Alternatively, the conductive member 
130 can be initially dipped into the reservoir 180 with the lower surface 135 facing the 
dielectric material 160, and subsequently inverted and re-dipped into the reservoir 180 with 
- 20 the upper surface 134 facing the dielectric material 160. In either embodiment, the dielectric 
material can be removed from the bond region 132 (Figure 2) by etching or other processes. 
Alternatively, the bond regions 132 can be protected with a removable covering prior to 
dipping the conductive member 130 in the dielectric material 160. 

Figure 6 is a cross-sectional end view of a microelectronic substrate 350 

25 coupled to a conductive assembly 330 to form a packaged device 320 in accordance with 
another embodiment of the invention. Figure 7 is a cross-sectional side view of the package 
320 taken substantially along line 7-7 of Figure 6. Referring now to Figures 6 and 7, the 
microelectronic substrate 350 includes substrate bond pads 351 coupled to internal features 
(not shown). The microelectronic substrate 350 is supported by a package support member 

30 370a, such as a printed circuit board (FCB) that includes an aperture 383 aligned with the 
substrate bond pads 351. The package support member 370a also includes a conductive 
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assembly 330 facing away from the microelectronic substrate 350 and configured to be 
coupled to the substrate bond pads 351. 

In one aspect of an embodiment shown in Figures 6 and 7, the conductive 
assembly 330 includes a network or array of conductive traces 331. The conductive traces 
5 33 1 are connected between inner bond pads 353a adjacent to the aperture 383 and outer bond 
pads 353b. Wire bonds 340 are connected between the inner bond pads 353a and the 
substrate bond pads 351 to link the internal features of the microelectronic substrate 350 to 
the conductive assembly 330. The microelectronic substrate 350, the package support 
member 370a and the wire bonds 340 are at least partially encased in an encapsulating 

10 material 321 to form the packaged device 320. The packaged device 320 can be connected to 
another, larger support member 370b by coupling solder balls 371 between the outer bond 
pads 353b of the package support member 370a and corresponding bond pads 353c of the 
other support member 370b. 

In one aspect of an embodiment shown in Figures 6 and 7, each trace 331 has 

15 an upper surface 334, a lower surface 335 opposite the upper surface 334, and a side surface 
336 between the upper surface 334 and the lower surface 335. The side surfaces 336 of 
neighboring traces 331 are spaced apart to define intermediate regions 337. A dielectric 
material 360 can be positioned adjacent to the traces 331 to cover one or more of the surfaces 
of the traces 331. For example, in one embodiment, the dielectric material 360 can include a 

20 lower portion 362 adjacent to the lower smface 335 of the conductive traces 331, and an 
intermediate portion 363 in the intermediate region 337 between neighboring traces 331. 
The dielectric material 360 can also include an upper portion (not shown in Figures 6 and 7) 
positioned between the upper surface 334 of the traces 33 1 and the remainder of the package 
support member 370a. 

25 In a further aspect of an embodiment shown in Figures 6 and 7, the lower 

portion 362 of the dielectric material 360 does not cover the inner bond pads 353a or the 
outer bond pads 353b allow for electrical coupling to these bond pads. Alternatively, the 
dielectric material 360 can initially cover the bond pads 353a, 353b and can then be locally 
removed fi-om the bond pads for electrical coupling. In either embodiment, the dielectric 

30 material 360 can reduce the capacitive coupling between adjacent traces 33 1 by reducing the 
dielectric constant of the intermediate region 337 between neighboring traces 331. For 
example, in some conventional arrangements, a solder mask material having a dielectric 
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constant of 3.5 or greater is positioned between neighboring traces 33 1. In one aspect of an 
embodiment shown in Figures 6 and 7, the dielectric material 360 can have a dielectric 
constant of less than 3.5, and in a specific embodiment, the dielectric material can be from 
about 1.0 to about 2.0. 

5 In another aspect of an embodiment shown in Figures 6 and 7, the dielectric 

material 360 can fill less than the entirety of each intermediate region 337, leaving gaps that 
can be filled with air, helium, argon or another low-dielectric gas in a manner generally 
similar to that described above with reference to Figure 5B. In still further embodiments, the 
dielectric material 360 can be disposed on the traces 331 in accordance with any of the 

10 methods described above with reference to Figures 2-5D. Accordingly, an advantage of any 
of the embodiments of the packaged device 320 shown in Figures 6 and 7 is that the 
likelihood for capacitive coupling between adjacent traces 331 can be reduced or eliminated. 

From the foregoing, it will be appreciated that specific embodiments of the 
invention have been described herein for purposes of illustration, but various modifications 

15 may be made without deviating from the spirit and scope of the invention. Accordingly, the 
invention is not limited except by the appended claims. 
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